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DETERMINATION OF THE NONUNIFORMITY OF VENTILATION
BY THE HELIUM MIXING TIME IN THE LUNG - SPIROGRAPH SYSTEM

L. A, Sidorenko UDC 616,24-008,4-072,7

Dependence of the helium mixing time in the lung~spirograph system of factors influencing
its value was analyzed. In the case of uniform ventilation of the lungs graphs were plotted by
means of which the "ideal" mixing time was determined. It is suggested that nonuniformity

of lung ventilation be judged by the amount by which the mixing time obtained during investiga-
tion of the patient's respiration exceeds the "ideal" time found for the same patient from the
graph,

KEY WORDS: ventilation of the lungs; helium method; residual lung volume.

The helium method is usually used to determine the residual lung volume. In the course of this investi-
gation data are obtained on the time during which almost uniform mixing of helium takes place in the lung—
spirograph system. Attempts are often made to judge the nonuniformity of the lung ventilation by the mixing
time without allowing for how it depends on other factors: the longer the mixing time, the greater the non-
uniformity of ventilation. However, the mixing time depends not only on the nonuniformity of lung ventilation,
but also on indices such as the minute alveolar ventilation, the functional reserve capacity, the volume of the
spirograph and initial helium concentration in it, and also on the experimental conditions, The problem thus
arises of allowing for the dependence of the helium mixing time in the system on the factors listed above, so
that the nonuniformity of alveolar ventilation can be estimated on the basis of this parameter,

The mixing time which the patient should have if his lungs were uniformly ventilated may be called the
"ideal™ mixing time. Clearly, the greater the nonuniformity of the patient's pulmonary ventilation, the more
the mixing time will exceed the "ideal® value found for the same patient, other conditions being the same.

An equation was obtained for determining the "ideal" mixing time t:

Al
t=(v.v, tn 3o )1 (Vs Vall, @

where V, is the volume of the spirograph (the bell and dead space of the instrument) before the beginning of
the test; ¢, the initial fractional helium concentration in the spirograph; V, the functional residual capacity
(FRC) of the patient's lungs determined during the investigation; u the minute alveolar ventilation (MAV); At
and A ¢ parameters characterizing the conditions for stopping the investigation.

The time of stopping the investigation can be chosen in different ways by different investigators for this
gives different interpretations of the degree of uniformity of mixing. In the general sense the conditions of
stopping the investigation can be defined as follows: The investigation is stopped when changes in the helium
concentration in the spirograph decrease to a certain small value Ac at time intervals At chosen for the ob-
servation. Since the aim of the investigation is to compare results obtained in practice with those calculated
theoretically, it is important that during theoretical calculation the values of At and Ac be chosen to be the
same as the conditions of stopping the investigation during experimental determination of the mixing time.

Department of Functional Diagnosis of the Respiratory Organs, Central Hospital, No, 4 Main Administra~
tive Board, Ministry of Health of the RSFSR, Moscow. (Presented by Academician V. N, Chernigovskii.) Trans~
lated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol, 84, No, 11, pp. 631-632, November, 1977.
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Fig. 1. Determination of "ideal" helium
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Equation (1) was obtained as follows. Changes in the helium concentration in the spirograph after con-
nection to the patient system can be represented by the following differential equation:

Vydey = —uc; dt 4= ue, dt,

where c, is the helium concentration in the spirograph; c, the same in the lungs; de; the change in the helium
concentration in the spirograph during time dt; ucydt the quantity of helium entering the spirograph; ucdt the
guantity of helium leaving the spirograph during time dt.

Considering that ¢,V, + ¢4V, = ¢,V;, we obtain
" dey u u u
_dg—z_(—ﬂ“ul"“—")cl'l'_ﬁfo- 2)

Equation (2) can be written in the simplified form

-%%— =ac;+ b, @
where a = :”_(“7’19":&)_ and b= LVC:— Substituting in Eq. (3) the variables y=ac;+b, we obtain the differen-
1¥ 2
tial equation dy/y= adt, which is easily solved, It solution has the form y=k exp (at), When t=0 k=ucy/V,
considering the above arguments, we obtain
Ucy ’ Vi+Va
y=—gexp -yt
Reverting to the original variable, we obtain a relationship between the helium concentration in the spiro-
graph cy and time and the other variables:

_ CoV'i CVy exp | —u Vit+V, t)
T VitV Vit V. P ViV,

/

Considering that the investigation is stopped when the change in the helium concentration in the spiro-
graph during time At falls to Ac, it is easy to obtain the Eq. (1) for calculating the "ideal" gas mixing time in
the lung —spirograph system.

Repeated calculations of the "ideal" mixing time by Eq. (1) in everyday practice would be a difficult task.
Graphs simplifying this process were accordingly plotted. The dependence of the "ideal® time on the value of
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FRC for different values of MAV are shown in Fig. 1, for Eg. (1) reduces to the dependence of t on these two
indices. Graphs were plotted from the numerical data obtained by computer using the simplestprogram for cal-
culating t by Eq. () for different values of V,and u. The remaining parameters in this case were given values
corresponding to those obtained experimentally, The volume of the spirograph V,; and also the initial helium
concentration in it ¢y are almost constant under the comparatively uniform conditions of the investigation and
they can be taken as known., FRC (V,) is determined for each patient in the course of the investigation. MAV
(u) is found from the spirographic data. For its determination it is also essential to know the anatomical dead
space (ADS), and this can be determined by additional experimental investigations or, if the apparatus required
for determination of ADS is not available, the known norms can be used [2, 3]. The values of At and Ac, together
with the remaining initial data are indicated on Fig. 1. Others more acceptable for other investigators can also
be chosen for them. If the initial data differ from those for which the graphs were plotted in this paper, new
graphs can be drawn to determine the "ideal" mixing time in accordance with Eq. (1).

Reports of the detection of disturbances of ventilation on the basis of the helium method have been pub-
lished [1, 4-7]. However, strict, scientifically based ™orms" of an index such as the mixing time were not
given in these papers. The results of the present investigation enable a "norm™" of the helium mixing time,
namely the "ideal" mixing time, to be found for each patient and, depending on by how much the true mixing
time exceeds the "ideal" time, the nonuniformity of pulmonary ventilation can be judged. The reason for this
excess is disturbances of ventilation connected with pathological changes in the respiratory apparatus such as
disturbances of bronchial patency, emphysema, compensatory changes in the blood flow, and so on.

Hence, as a result of these calculations and constructions, it was possible to draw valid conclusions re-
garding the presence or absence of nonuniformity of pulmonary ventilation from the helium mixing time in the
lung —spirograph system, so that the mixing time itself acquires definite interest in connection with the com-
prehensive investigation of external respiration.

LITERATURE CITED

R. 1. Agranovich, Novosti Med., Tekhniki, No. 1, 106 (1966).

J. H. Comroe et al., The Lung. Clinical Physiology and Pulmonary Function Tests, Chicago (1955).
M. Navratil et al., The Pathophysiology of Respiration [in Russian], Moscow (1967).

A. P. Pistsov and A. A, Cherkasova, Novosti Med. Tekhniki, No. 1, 93 (1966),

D. V. Bates and R. V. Christie, Clin, Sei., 9, 17 (1950).

D. V. Bates, W. S. Fowler, R. E. Forster, et al,, J. Appl. Physiol., 6, 598 (1954).

W. A. Briscoe, M. R, Becklare, and T. F. Rose, Clin. Sei., 10, 37 (1951).

=1 U W
« s a4 s e e

1664



